Abstract. Based on paleotemperature modeling, the evaluation of the effect of Neo-Pleistocene permafrost rock thickness on geothermal regime of the Bazhenov deposits has been performed. It has been stated that permafrost about 300 m in thickness must be considered for appropriate reconstruction of geothermal history of source rocks in the south-east areas of West Siberia. This condition is relevant to a consistent consideration of oil-generation phase history and can prevent underestimation (to 25%) of hydrocarbon-in-place resources.
Introduction
Potential permafrost rock formation in the Late Quaternary in the area of 61ºN latitude, West Siberia (Shirotnoye Priobye) has been presented in research [1] . In hydrointegrator modeling performed for a calculation period of 245 kya, A.A. Sharbatyan applied surface temperature time series as an upperboundary condition for the stated problem (table 1) . Time series for surface temperatures has been defined by time series chart of solar radiation (proposed by M. Milankovich) taking into account geographical peculiarities of the area. Table 1 . Permafrost rock thickness variation over time [1] . Time According to recent data [2] permafrost was not only in the central and southern parts of West Siberia, but Quaternary ice cover embraced northern and northeastern parts of Kazakhstan; ice sheet can be traced in Central Kazakhstan as well.
The previous researches [3] have addressed the impact of paleoclimate (surface temperature time series) on the thermal history and oil-generation potential of Bazhenov deposits in the south-east of West Siberia (South-Siberian paleoclimate zone [4] ). The studies focused on West Siberia are of particular interest provided that paleotemperature reconstruction model considers not only surface temperature time series but permafrost sequence as a peculiar lithostratigraphic unit. The purpose of the present study is to estimate the influence of Neo-Pleistocene permafrost thickness in geothermal regime of Bazhenov deposits in the south-east of West Siberia.
Research methods
Based on data from sedimentary cross-section of deep well №183 in Luginetskoye field (Tomsk Oblast), modeling of paleogeothermal conditions in Bazhenov deposits was performed. Hydrocarbon deposits are mainly associated with Upper-Jurassic reservoirs (J 1 horizon). The major source of hydrocarbons in J 1 traps (J 3 vs) are potential oil source rocks of the Bazhenov suite (J 3 bg).
Simulation of the thermal history of the Bazhenov suite deposits has been carried out on the basis of paleotectonic and paleotemperature reconstructions. In the present research paleotemperature modeling has been applied [5, 6] The evaluation of Neo-Pleistocene permafrost rock thickness effect on the geothermal regime and degree of oil-generation potential of Bazhenov deposits is performed on the basis of result variability analysis of four optional paleotemperature reconstructions. Reconstruction 1 considers both surface temperature time series and Neo-Pleistocene permafrost sequence about 300 m in thickness. Reconstruction 2 involves surface temperature time series analysis without considering permafrost rock sequence. Reconstruction 3 gives analysis regardless of surface temperature time series and permafrost rock sequence. Reconstruction 4 refers to surface temperature time series and NeoPleistocene permafrost which is assumed to be up to 1000 m thick.
In Reconstruction 1 (table 2) permafrost sequence is considered to be of 300 m thick (table 1) . Formalized calculation of permafrost thickness is provided beginning with 240 kya when "immediate" (by standards of geological time, over 1.5+ 3.0 ky period) replacement of "normal" sedimentary deposits by permafrost sequence with particular thermophysical parameters -thermal conductivity, temperature conductivity occurred. This sequence of permafrost rocks has overlaid sedimentary mantle for 179 ky. Hereafter, "immediately" (1.5+3.0 ky) permafrost sequence is substituted by "normal" sedimentary deposits and since that time "normal" sedimentary mantle has been retained over the recent 52 ky.
Reconstruction 4 deals with permafrost thickness of 1000 m, other procedures being the same as in Reconstruction 1. Formalized consideration of permafrost thickness has been performed in the same way as in the previous reconstruction beginning with 240 kya. Replacement of "normal" sedimentary deposits by permafrost sequence has been completed in terms of geological time over 5.0 + 3.0 ky. Later, this sequence of permafrost rocks has overlaid sedimentary mantle for 206 ky. Hereafter, permafrost is substituted by "normal" sedimentary deposits and since that time the present day section has been retained for 21 ky. Note. Grey shading indicates geological time intervals of "immediate" formation and degradation of NeoPleistocene permafrost sequence. Dark shading indicates time interval of existing permafrost sequence.
Results and discussion
A number of observations can be deduced from the analysis of computational values of mantle basement heat flow density q (table 3) . In Reconstructions 1, 3 and 4 heat flow increases by 1.4-2.6-7.1 mW/m 2 (by 3-5-14%) relative to computational value of heat flow in Reconstruction 2 which is 52.2 mW/m 2 . In Reconstructions 1and 4 the increase of computational density of heat flow q is due to increase of heat diffusion throughout daylight surface caused by high thermal conductivity and temperature conductivity of the permafrost sequence present in the model. In this case, more heat is dissipated through the daylight surface; therefore, higher value of computational density of mantle basement heat flow is required which, in its turn, increases calculated geotemperatures of source deposits and, consequently, volumes of generated hydrocarbon resources.
Provided that surface temperature time series (Reconstruction 3) is not taken into consideration, there is also an increase in computational heat flow -54.8 mW/ m 2 which is due to the absence of solar source heat in the paleotemperature reconstruction model of this type.
The comparison of calculated and measured geotemperatures in the borehole is presented in table 4. Since the measured temperatures (including those defined against vitrinite reflectance) and calculated geotemperatures can have uncertainty of ±2ºС, results of Reconstructions 3 and 4 cannot be regarded as admissible. In these reconstructions true error exceeds optimal rate by more than four times, while the difference between adjusted and vitrinite reflectance («maximum paleotermometer») data is 11-12ºС. Thus, exclusion of paleoclimate (Reconstruction 3) does not allow producing a precise physico-mathematical model of geothermal regime of Bazhenov source rock. In the same way the hypothetical assumption about Neo-Pleistocene permafrost being 1000 m thick in the latitudes of 57-61 ºis not confirmed by paleotemperature modeling. +10  2294  94  90  86  102  7  +4  2294  89  86  86  97  20  +15  2294  100  97  86  108  24  +16  2294  101  98  86  110  31.5  +17  2218  98  95  83  107  32.3  +16  2210  97  94  82  105  34  +15  2200  96  93  82  103  37.6  +14  2178  94  91  80  101  41.7  +12  2154  90  87  80  98  42  +11  2158  89  87  80  97  46  +8  2129  86  83  79  93  54.8  +19  2077  95  92  77  102  58  +24  2058  99  96 Calculation of generated Bazhenov oil density R [8] (table 5) yields maximum value for appropriate Reconstruction 1 (68 cu.). This type considers presence of NeoPleistocene permafrost sequence which is 300m thick apart from surface temperature time series. 
Conclusion
By the example of Mesozoic-Kainozoic section of the south-east of West Siberia (in the latitude of Tomsk Oblast) it has been stated that neglect of surface temperature time series and NeoPleistocene permafrost thickness hinders appropriate reconstruction of thermal history of Bazhenov source rocks. To estimate hydrocarbon resources in south-east areas of West Siberia using volumetric-genetic method [9] it is advisable to apply "local" surface temperature time series [3] and deal with permafrost thickness of 300 m. The latter will allow a more consistent consideration of the history of main oil generation phase and prevent underestimation (to 25 %) of hydrocarbon-in-place resources.
